/ '"'"" ] but also exists in the major hypoxic ocean basins [Warren, 1994] . However, it is most easily studied in the Black Sea owing to the great physical stability of the water column, which enabled accurate resolution of the oxygen and sulfide gradient structure. Physical stability seems to maintain only manganese cycling was included, and the additional contribution of iron cycling was neglected for simplicity. Even with such a highly simplified representation of the redox processes, the model provided a realistic suboxic-anoxic interface zone structure and was able to give quantitative evidence for the presence of an oxygen depleted and nonsulfidic suboxic zone. This model pointed out the crucial role of the downward supply of nitrate from the overlying nitracline zone and the upward transport of dissolved manganese from the anoxic pool below for maintenance of the suboxic layer. Oxidation of dissolved manganese by nitrate was found to be responsible for the production and cycling of particulate manganese, which in turn oxidized hydrogen sulfide and ammonium transported upward from deeper levels. This mechanism was shown to lead to a quasi-steady state suboxic-anoxic interface structure similar to observations.
Aims and Scope of the Present Study
As pointed out in section 1.2, a comprehensive model providing a unified representation of the oxic-suboxicanoxic system in the Black Sea is not yet available. The existing models were devoted either to representation of euphotic zone processes (e.g., plankton productivity) or separately to suboxic-anoxic interactions. Without a coupled model of these two distinct biogeochemical layers, we cannot realistically investigate the underlying dynamics of the full water column. In light of evidence that biological fluxes have a considerable impact on suboxic zone dynamics (see Figures 2a and 2b) The model is used to simulate the distinct features of the water column biogeochemical structure outlined in Figure 1 . It addresses specifically questions on (1) ventilation characteristics and mechanisms governing oxygen production/consumption in the water column; (2) seasonal variability of the suboxic layer in terms of its characteristics and thickness; and (3) the relative roles of nitrification-denitrification and H2S oxidation processes for controlling the structure of the suboxic layer from its upper and lower boundaries, respectively. A detailed description of the model formulation is given in section 2. The results of a specific simulation are then discussed in section 3. A summary and main conclusions are presented in section 4.
Model Formulation
Our strategy was to model the Black Sea vertical biogeochemical structure above the deep anoxic pool as simply as possible with a minimum number of unknowns and of poorly defined parameters. At the same time, we must retain sufficient complexity in the model to provide reasonably realistic simulations. Because only •10% of the primary production is exported into the deeper levels of water column and the rest is recy- 
A balance between net primary production (the first terms on the right hand sides of (2a) and (2b)), losses Hydrogen sulfide is supplied to the water column from the bottom boundary of the model. In the vicinity of the suboxic-anoxic interface zone, it is oxidized first by particulate manganese. The available oxygen resource is also utilized for oxidation of hydrogen sulfide transported upwards in the SOL. These processes are governed by the first and second terms of (13b), respectively. Since elemental sulfur is formed during these oxidation processes, the same kinetic terms appear as the source terms in the sulfur (13c). The last term in the sulfur balance represents bacterially mediated sulfur reduction. The model does not incorporate hydrogen sulfide generation associated with the sulfur reduction.
The reactions driving manganese cycling are given by the terms in (13d) and (13e). Dissolved manganese, transported upwards within the anoxic layer, reacts with nitrate and oxygen (the third and fourth terms) to produce particulate manganese which is then used to oxidize hydrogen sulfide and ammonium (the first two terms). All these reaction terms also appear in (13e) for the particulate manganese balance.
Boundary Conditions
The In the oxygenated layer, an initial oxygen concentration of 15 /•M is taken intentionally to be much smaller than the typical observed values (around 300 /•M). In fact, this choice was found to be unimportant since the air-sea flux develops the typically observed pattern shortly after the start of model integration. In deeper parts of the water column where the suboxic zone is expected to form, the initial oxygen concentration is higher than that typically found at these depths. Once the biological pump starts functioning, the initial oxygen concentration at these levels decreases owing to oxidation and gradually reaches trace levels in the suboxic zone. The transient adjustment is completed to a large extent within the first year, and the system approaches an equilibrium state within the following 2 years. Specification of higher initial oxygen values prolongs the transient adjustment time but does not alter the vertical oxygen structure of the final state.
A loss of nitrogen during denitrification [kafa(O2) NO2] and oxidation of dissolved manganese [•7k7N03
Mn 2+] occurs within the lower part of the suboxic zone, where nitrate is supplied from the lower nitracline by downward diffusion. Although they are small, such losses are accumulated during the long-term integration and cause a gradual erosion of the nitrate peak, unless there is a compensatory nitrate source. These losses are therefore monitored at each time step, and once the initial temporal adjustment is completed during the first 2 years, an equal amount of nitrate is added to the nitrate equation at the level of its maximum concentration.
Within the limitations of the one-dimensional model, this approach was adequate to achieve a conserved system. The ammonium and hydrogen sulfide equations also possess similar losses expressed by k8NH4MnO2 and ksS ø, respectively. These losses are, however, compensated by the ammonium and sulfide sources prescribed at the lower boundary of the model. With these choices, the model tends to approach to an equilibrium state after two more years of integration, which provides a fully conserved system when integrated over the year and over the water column.
Estimation of Parameter Values
The values of input parameters used in the model simulations (see Tables 1, 2 The ranges of variability and vertical structure of diffusivity and temperature were described previously by Oguz et al., [1996, 1999, •rEnd Dec.
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